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A13STRACI’

The Advanced Spaceborne Thermal Emission and Reflectance Radiometer

(ASTER) is a high spatial resolution imaging instrmncnt, clue to bc launched on

NASA’s Earth Observing Systcm AM-1 satellite platform in 1998. ASTER acquires

data in 14 bands, spanning the wavelength rcsion from the visible, mar infrared,

short wave] cngth infrared, and thermal infrared, with spatial rcsoluti on varying from

15 m to 90 m, depending on wavelength region. in order to evaluate our ability to

usc ASTER data for geological mapping, we used aircraft data over C@ritc, Nevada

to crcatc a simulated 14-band ASTER data set. The study site has sparse vegetation,

ancl exposes a wide range of unaltered and hydrothermally altered volcanic recks.

I’hc wide range of wavelengths covered by ASrl’ER allowed us to recogniz,c or

separate iron oxide minerals, clay-bearing minerals, sulfate minerals, anmonia

minerals, siliceous rocks, and carbonates. Combined with laboratory spectral

nlcasurements, we were able to identify these constitumts, Based on both sets of

information, we produced an alteration map showing the distribution of argillizcd

rocks, opa]izcd rocks with alunitc, silicificd rocks, and areas dominated by kao]initc

and buddingtonite. The map was as accurate as published maps made by traditional

field methods, ASIXR  promises to bc a major improvmncnt over existing satellite

systems for geologic mapping.
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1 NTRODIJC’1’10N

Remote sensing data for earth science applications will be greatly improved in 1998 with the

launch of NASA’s Barth Observation System AM-1 satellite platform, that will carry five earth

observation instruments. One of these instruments is tlic Advanced Spaceborne Thermal Emission

and Reflectance Radiometer (ASTER). This imaging system will provide high spatial resolution

data in the visible, near infrared, short wave infrared, and thermal infrared wavelength regions

(Kahlc ct al., 1991); and along-track stereo imaging capability for producing digital elevation

models. AS’J’13R is a joint project between Japan and the US; the Japanese arc building the

instrument, and the US is providing the, launch vehicle. and telemetry; science team activities and

data distribution are shared responsibilities,

ASTER is the only high-spatial-resolution surface imagcr on ROS-A, As a result there are a

varict  y of distinct science objectives for the instrument. The main cent ribut ions to the I iOS global

change studies will be in providing surface temperatures, surface emitted and reflected radiances,

and digital elevation models (DF.M ‘s) at a spatial scale that will allow detailed surface studies to

be conducted at the sub-pixel level  for other global monitoring instruments.

The multispcctral thermal infrared data will provide information to enable  better separation

of the brightness temperature into surface kinetic temperature and land surface spectral cmissivity,

than has been possible to date with broad-band thermal imaging instruments. These land surface,

temperature data have applications in studies of surface radiation balance as required by climate,

weather and biogcochcmical models. They can be used to aid in the quantification of evaporation

and cvapo-t  ranspiration,  and the interactions bet wccn vcge.t  at ion, soils and the h ydrogcol  ogic cycle,

~’tmpcraturw  data will be used in the monitoring and analysis of volcanic processes. Day and night

3



tcmpcrmtured  ata will be. used toestimatc  thermal incrti~ as an aid to surface compositional

mapping.

‘1’hc extensive wavelength coverage combined with same-orbit stereo capability will

contribute to the 130S surface compositional, structural and geomorphological  mapping objective

which supports or provides a base for local, regional and global geological studies. The visible and

near infrared (VNJR) and short wave infrared (S WJ R) bands have been chosen spccificall  y for usc

in surface compositional mapping. These high spatial resolution data will support, for example,

lithofacics mapping and stratigraphic  analysis which will contribute to the knowledge of sea level

change, coastal erosion, palacoclimate and the distribution of mineral resources. Soil mapping can

contribute to a knowledge of long term and short term changes in soil characteristics, quality and

land USC. These data can also bc used to help monitor and understand how episodic proccsscs such

as rainfall, runoff, dust storms, earthquakes

The two primary satellite instruments

and volcanism modify the earth,

currently acquiring multispcctral  data for earth science

applications arc the Land sat Thematic Mapper (TM) and the SPOT satellite. 1’M ac.quirm 6 bands

of data in the reflected part of the spcct rum, and 1 broad thermal channel; SPOT acquires either 3-

band visible-near infrared data or a single panchromatic band (’liable 1), Neither instrument has the

capability to obtain muhispcctral data in either the short wavelength infrared or in the thermal

infrared parts of the spectrum.

I’hc type of data that ASTER will produce globally arc now available locally using aircraft

instruments. in this paper we present an example of the. utility of these data for geological surface

studies at a well known test site: Cuprite.,  Nevada. Multi spectral data from two NASA aircraft

scanners, the Airborne Visible and lnfrarcd imaging Spcct romctcr (AVJ RIS ) and the ~’hcrmal
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infrared Multispcctral Scanner

resolution. The re,sampled  clata

discrimination capabilities that

(TIMS,) wercresan@cdto  thcASTIX?bandsand  spatial

were analyzed todcmonstrat  cthcpotential  lithologic  mapping

ASTER data will provide.

TIIU ASTER lNSq’RUMENT

ASTER is a high-spatia]-resolution multispectral  imagcr currently scheduled to fly in Earth

orbit in 1998 on the first platform of NASA’s Rar[h Observing System (EOS-AM 1 ) (Figure 1).

l’hc instrument will have three bands in the visible ancl near infrared (VNIR) spectral range (0.5-

1.0 pm) with 15 m resoluticm,  six bands in the short wave infrared (SWIR) spectral range (1 .0-2,5

pm) with 30 m spatial resolution, and five bands in the thermal infrared (’H R) spectral range (8-12

pm), with 90 m resolution (Fujisada and One, 1991; Kahle  et al., 1991) (Table 1). An additional

forward viewing telcscopc with a single  band in the ma] infrared with 15 m spatial resolution will

provide the capability, when combined with the. nadir viewing elements, for same-orbit stereo data,

The swath width of an itnagc will be 60 km. Cross-track pointing out to 136 km will allow

viewing of any spot on Earth at least once every sixtcc.n days. Performance rcquircmcnts and

instrument parameters are shown in Table 11,

The instrument is being provided by the Japanese Government under MIT1 (Ministry of

lnternat ional ‘1’radc and Industry). The. ASI’ER project is in@cnlcntcd through FXSDAC (Harth

Ilcsourccs  Satellite Data Analysis Center) and JARCM ( Japan Resources Observation Systcm

Organization) which arc non-profit organizations unch  the control of MIT]. JAROS is responsible

for the design and dcvclopmcnt of the ASIHR  instrumcmt, which will bc carried out by the
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Nippon Electric Company (NRC), the Mitsubishi Electric Corporation (ME].(X)), Ftljitsu and

Hitachi under contracts with JAROS.

STUDY S12’I;

The Cupritc ama is lc]cated  on the western  edge of Ilsmcrelda County, Nevada, about 25

kilometers south of the town of GoldfieJd.  ILxposures are. very good;

O to 20%. ‘J’his  study site was selected bccausc  of its excellent rock

mineral suites, and our and other researchers’ lo~~g history of remote

vegetation cover varies from

exposures, extensive range c}f

sensing studies at Cuprite.

The first major remote sensing study of the area was by RowrJn et al. (1974), who noted the high

albcdo  and iron oxide absorption at Cupritc  using the 1.andsat MSS data. Abrams et al. (1977)

compared Landsat MSS data against airborne scanner data with bands similar to those now in

place 01) the l.andsat  Thematic Mapper. Mineral absorption features reported by Abram et al,

(1977) in the 2000 to 2400 m region led, in part, to the placement of Band 7 (centered oJ~ 2200

nm) OJ] the Landsat Thematic M appcr.  Other remote scmsing Studies at Cuprjte  have included

Ashley and Abrwns (1 980), Kahlc and Goctz (1983), Goctz  and Srivastava  (1985), and Smith and

Adams (1985). More recently, Krusc et al. (1990) repom.d  OJ1 the mineral mapping capabilities of

a 63 band Geophysical Environmental Research imaging Spectrometer (GHUS);  and Hook et al,.

(1991 ) compared the mineral mapping capabilities of the Cieoscan  Markll scanner and AVJRIS.

‘J’hc geologic map of the study area (Figure 2) shows extensive exposure of ‘J’mtiary  volcanic

rocks, and Quatcrnary deposits (alluvium and playa), Sections of the Tertiary volcanic rocks were

intcnsive]y  altered by a hydrothermal system during micl- to ]ate-Miocene time. Ashley and

Abrams (1980) divided the hydrothermal alteration into three field - mappable  ZOJ)CS:  si licified
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rocks, opalimd rocks (opalite),  and argillized  rocks (H’igure 3). The alteration has a bul]scyc

pattern, with the silicificd  zone forming a circular COJC surrounded by opalimd and then argillizcd

rocks (Figure 3). ‘I’he following descriptions of the alteration zones is based on those given by

Ashley and Abrams (1980).

7’}]c silicificd  rocks are the most intensively altel  cd portions of Cupritc  and typically contain

abundant c]uartz,  calcite and minor a]unite and kao]initc.  The opalizcd rocks form the most

widcspl  cad alteration zone and consist of opali ne silica with variable amounts of alunitc  anti

kaolinite with minor calcite, The argillizcd  rocks arc the least abundant style of alteration and

occur locally with the opalized  rocks or at the edges  of the alteration area (Figure  3); plagioclasc

is altered to kaolinitc,  and mafic minerals are altered to hematite and gocthitc.  The distribution of

the.sc alteration assemblages is characteristic of a fossilized hot-spring deposit (e.g. Buchanan,

198 I). These hot-spring deposits frequently contain gold mineralization and their recognition is

import ant for mineral cxplor ation. Buchanan (198 1 ) provides descriptions of similar deposits. in

addition to the alteration minerals already described, an ammonium feldspar known as

buddingtonitc  has also been identified at Cuprite  using high spectral resolution image data from

the 2.0 to 2.45 pm range (Goctz and Srivastava,  1985). This mineral is also characteristic of

fossil iz,cd hot-spring deposits (Krohn and Altancr, 987).

DA’I’A PREPARATION ANIJ PROCESS] NG FOR ASTER S1 MU] .ATION

‘1’wo aircraft multispcctral  scanner data sets were used to produce a simulated ASI’IIR data

set for par[ of the Cupritc  area. The two data sets were acquired by NASA’s Airborne Visible. and

infrared lma~ing Spcctromctcr (AVIRIS) and Thermal lnfrarcd  Multi spectral Scanmr  (3’1 MS).
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AVIRIS data were acquired on July 10, 1992 from the RR-2 aircraft platform. This instrument

obtains 212 bands of data in the 0.4 to 2.45 pm; each band is .09 pm wide. The ima~cs have an

instantmcous  field of view (lFOV) of 20 m, and a swath width of about 11 km (Vane, 1987).

TJMS data were acquired on July 19, 1991, from the C-130 aircraft. ‘TJMS obtains six bands of

data in the 8-12 pm region (center wavelengths at 8.407 pm, 8.801 pm, 9.204 pm, 9.933 pm,

1().703 pm, 11.625 pm), The inlages  have an lF~OV of about 20 m and a swath widt}l of about ] 5

km (Palluconi  and Mccks, 1985). Both data sets were provided as instrument perceived radiance

by the TJ MS and AVIRIS processing facilities,

lriitial]y the aircraft data were spcctrall y resample.d to the AYJ’J3R bands. For AVJRIS data,

this involved averaging several bands to produce each ASTER band using the full-width-half-

maximum values for the ASTER filter functions. Because  the TIMS wavehmgth  bands are almost

identical to ASTER’S TJR bands, no spectral rcsampling  was ncccssary.  lJowcvcr, since TJMS has

6 bands and ASTER has 5, ‘T’IMS band 4 was not used for this simulation. ~’hc next step was to

register the two data sets to a conmon,  topographic base, using the USGS J :24,000  maps. The

smfiller  ma covered by AVJRIS data became the common  area extracted from the TIMS data; the

dinmnsions  of the area covered by the simulated ASTER images arc 6.6 km E-W, and 9.8 km N-

S. Finally, the data were spatially resampled  to produce the appropriate pixel size for the three

ASTHR tclcscopcs (15 m for the VNJR, 30 m for the SW] R, and 90 m for the TJ R). This resulted

in a VNJR data set of 440 x 652 pixels; a SWJR data set of 220 x 326 pixels; and a TJR data set

of J 10 x 163 pixc)s.

The first products produced were simple three-band color additive composites from each of

the three wavelength regions. These arc shown in Figure  4, in the top row. q’hc left image displays
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VNI R bands 3, 2 and 1; the center

displays TIR bands 13, 12 and 10.

image displays SWJR bands 4, 6 and 9; and the right image

These bands in each color composite were displayed as red,

green, and

playback.

blue respectively; the images were linearly contrast stretched prior to photographic

Pixel replication was used for the SWIR and 1’IR images to make the data sets the

same si m as the VN1 R image. The differences in appearance of smal I details between 15, 30, and

90 m spatial resolution arc clearly apparent. in order to enhance the color information (hence

spectral information) in these thm composites, the same three band combinations were computer

proccsscd using a decorrelation stretch algorithm (Fig,urc  4,

exaggerates color saturation, while minimizing shifts in hue

bottom row). This procedure

(Soha and Schwartz, 1978; Gillespie ct

al., 1986). Colors in the resulting image can be interpreted in terms of the spectral characteristics

of the surface materials, bccausc the relative hues arc still prcscrvcd,  It should be noted that the

imagery presented in F’igurc 4 was not corrected for atmospheric effects,

‘1’o better evaluate the spectral information contained in the ASTFiR SWIR and TIR bands,

wc cxt racte,d and plotted image and laboratory spectra for selected rock t ypcs. The S W1 R image

data from which the spectra wcm extracted were proce.sscd to suppress effects due to topography,

atmosphere, and solar illumination. There arc two basic approaches to accomplish this: those  that

u sc parameters derived from the data set itsclfi and those. that require the input of additional

information (Cone] et al., 1987). The first of these approaches includes the flat field correction

(Roberts et al., J 986), internal average relative rcftcctance (Krusc et al., 1990) and log rcsidua]s

(Green and Craig,  1985), The second includes calibration using rcflcctancc  spectra of calibration

targets ((.;oJml ct al., 1987) and correction using solar-atmospheric models and local atmospheric

mcasurcnvmts (Rast et al., ] 991), We chose  the flat field method, which operates without a priori
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data. in practice,

calculated, Next,

an area of the unaltered

each pixel in the image

tuffs was outlined, and the average radiance, was

was divided by this average, band by band, to produce

relative. reflectance, This method compensates for multiplicative terms, but does not compensate

for additive terms, III the SW] R region, most of the effects due to the atmosphere are

multiplicative, so the method is suitable; it is not, however suitable for the VNIR where the

atmospheric effects occur as both multiplicative and additive terms.

The calibrated TIR data were corrected for atmospheric effects to radiance at the surface

using the MODTRAN radiative transfer model (Berk ct al., 1989). MODTRAN derives values for

the atmospheric correction based on an input atmospheric profile. This profi lc may be obtained

from a set of default profiles in MODTRAN or replac.cd

the default mid latitude summer profile was used for the

with local atmospheric data, In this study

atmospheric values above Skm and local

atmospheric data, acquired from an airsondc  ]aunchcd approximately 30 minutes prior to the

overflight, were used for the val LICS of the input profile Mow Skm, ~’his approach is discussed

more ful 1 y in Hook et al., (1992) with the 1.OWTRAN atmospheric model.

‘1’hc ground radiance clata  consist of temperature and cmissivity  information; in this study we

were interested in the emissivity information and relative emissivity  variations were extracted fronl

the data using the alpha residual technique (Kcaly and IIook, 1993). ‘J’he alpha residual data have

the. same spccttal shape as cmissivity spectra but arc normalized to zero.

ANA1.YSIS AND I.>ISCUSSION

in the 3-2-1 dccorrelation stretch image, Stonewall playa is blue, indicating higher relative.

reflectance in the shortest wavc]cngth  band; this is primarily due. to a high contribution by
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atmospheric scattering over the bright, spcctrall  y flat p]aya material. No atmospheric corrections

have been applied to these data, so the contributions due to Raleigh scattering are still present in

the data. The orange-yellow colored areas expose iron oxide minerals, dominantly hematite, found

in the argillizcd  zone. This color is a result of the primary iron conduction band in the ultraviolet

that produces a fall-off in reflectance towards short wave] cngths  (Hunt ct al., 1971a); thus the blue

color (band 1 ) is suppressed, and orange-yellow (rcd+gt’ecn) predominate. Small bright blue areas

within the opalized  zone am open pits mined for alunitc.  The bright blue color indicates high

albcdo,  and relatively high atmospheric scattering at sliort wavelengths, similar to the playa, The

majority of the opalizcd  zone, and the silicified zone are. purple colored; this results from a

combination of high reflectance due to atmospheric scattering in band 1, and relatively high

rcfkctancc  in band 3, typical of high albcdo  altered rocks (Abram and Ashley, 1977). Llnaltcred

rocks, including basalt, tuffs, and alluvial fans derived from them, appear dark blue or black; this

is due to their low albcdo  and lack of major spectral absorption features.

]n the right half of Figure 5 arc shown selected laboratory reflectance spectra in the 2 to 2.4

pm wavelength region  for materials from Cuprite,  rcsmpled  to the ASTER bands; the center

wavelengths of each of the ASTF.R  SW] R bands arc also shown by the square data points. C)n the.

left side of the figure are single pixel image spectra extracted from the simulated ASTHR data.

The method of processing the data to compensate for atmospheric effects was dcscribcd earlier.

in the 4-6-9 dccorrclation stretch image (Figure  4, bottom row center) unaltered rocks (the

playa and exposures of tuff) appear in blue colors, indicating they arc spectrally flat, and have

higher relative rcflcctance,s in band 9. The basalt outcrop west of the highway appears black duc 10

its very low al bcdo in the SWIR. ‘1’hc opa]ized  zone appears in yellow-green colors; this is due, to
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a high reflectance in band 4 (the red component), moderate absorption in band 6, and moderate

reflectance in band 9. The position of band 6 is on the. shoulder of the major alunite  absorption

feature, centcrcd at 2.15 pm (Figure S),

A1-O-11 bends (Hunt et al., 197 lb), and

pink in color, duc to the suppression of

which is a combination of the fundamental 011 stretch and

is not greatly affcctcd by it, Kaolinite  Hill appears red-

thc blue component from the fundamental Al-OH

absorption feature at 2.22 ~]n~ in band 6 (Ilunt et al,, 1970), relatively low reflectance in band 9

duc to the fundamcnta]  OH absorption band at 2..7 pm, and high reflectance in band 4 (Figure 5).

Rocks in the silicificd  zone appear in two colors: an inner blue area, and an outer purple area.

Rcpor[s  by Podwysocki ct al. (1986) of a strong Si-01 I absorption feature at 2.25 pm in

hydrothermal silica may bc responsible for the color (Figure 5). Absorption in band 6 reduces the

green ccmponcnt,  and produces a purple color  in the outer silica zone. ~’hc blue color of the

central zoJ~c suggests this same absorption feature, ancl additionally either a higher value in band 9

or lowel value in band 4. Further field sampling is ne~cssary  to support this

exposures of buddingtonite appear pink-purp]c  in color, duc to the mlativcly

bands 4 and 9, and the absorption feature near band 6 (Mgurc 5).

Flu the TJR bands, wc have displayed ASTER bands 13-12-10 (Iowcr

conclusion. Smal 1

high reflectance in

right, Figure 4); this

is equivalent to the decorrelation stretchc.d TIMS 5-3-1 band combination, used by Kahlc and

Goetz (1983), for display of Mhologic  information,  For comparison Figure 6 (right) shows field

cmissi vit y spectra for sclcctcd  materials from Cuprite.  “1’hcse are derived from radiance

mcasu rc]ncnts  made with the JP1.. Field Emission Spcct romcter dcvcl  opcd by Designs and

Prototypes that were rcsamp]cd  to the ASTER wavelengths using the appropriate systcm response

functions. ‘1’hc right plot in Figure 6 shows emissivity,  the left plot shows the. alpha residual
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spectra. The spectra have been offset vcrlicall  y for clarity. ‘I’he center  positions of the 5 ASTER

‘1’lR binds arc indicated by the square data points for each spectrum. Spectrum A is from a basalt

outcrop west

extracted the

of highway 95; spectrum B is from the same opali zed/alunitc  area whcm wc

SWIR spectrum; spectrum C is from the same outcrop of kaolinite  as the SWIR

spectrum; spectrum D is from the central, silicified  area, the same as the SW] R spectrum.

(h] the clccomlation  stretched image, unaltered materials arc in blue, including the playa,

tuffs, and the basalt west of the highway; the color is consistent with an absence or low amounts

of silica (high values around 8.5 pm). Rocks in the silicified zone arc displayed in yellow-orange.

The color is duc to an emissivity absorption in band 10 from the primary Si-O stretching in the

silicate lattice, called the rcstrahlen band (}]unt, 1980). The opalizcd zone, dominated by the

prcscncc of alunitc,  appears in dark purple. The color is due to a strong, broad emission band

centered at about 9.5 pm, in ASTER band 12, reducing the green component of’ the composite. II ~

the upper left side of the in~age,  a grecmyellow area ccmesponds  to outcrops of carbonate; the

color is due to the absorption band from bending modes of the carbonate ion occurring at 11.25

pm (Sal isbury  ct al,, 1987).

Based on the spectral analyses presented above, WC. created a simplified interpretation map

showing the. distribution of alteration t ypcs (Figure 7). This map was produced by combining

i nformat  ion ext ractcd from the simul atcd ASTER images  from all three wavelength regions. We.

were able to recognize unaltered rocks, two kinds of silicificd  rocks, opaliz,cd  rocks with alunitc,

argi 1 Ii 7,ed rocks dominated by iron

buddingtonitc.  This map compares

oxides, rocks with clominantly  kmlinitc  present, and outcrops of

favorably with the field-derived alteration map shown in Figure

3. Ashley and Abrams (1980) defined tlmc types of alteration assemblages: silicificd,  opaliz,cd,
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and argillized,  based on laboratory mineralogical analyses of field smnples.  The discovery of

buddin~~tonite  was based on work with high spcctml resolution swmner data; the small size of the

outcrops, and the lack of any distinguishing or diagnostic field appearance of buddingtonite

prcvcntcd its identification from field work, The main difference in our interpretation is the level

of detail shown on our map; for publication, wc have simplified small-scale details, and

gencra]izcd  the distribution of small outcrops. ]n reality, a more detailed map could bc produced,

at least commensurate with a scale of about 1:50,000, I-cflccting  the inherent detail allowed by

ASTER’S spatial resolution (better in the visible, worse in the ‘HI<),

This analysis bcncflttcd  from our collection and 1 aboratory  measurements of field samples.

Using this ancillary information, we were able to identify minerals and mineral assemblages

present in the different alteration zones, and then correlate this composition with their spatial

distribution in the images. Without this additional data, our inte.rprctation  map would still show

same boundaries. IIowcver, assigning precise mineralogical identification to the various units

the

would not have been possible. Due to the relatively broad spectral interval of the ASTIR bands,

unique. mineral identification will not be possible. Rather, classes of minerals will bc able to bc

idcntiflcd. For example, wc will not be able to differentiate between kaolinitc  and illitc, nor

bctwce.n dolomite and calcite. These separations require spectral resolution of about 5-10 microns

to detect the. shifts of characteristic absorption features. However, this is a major improvement

over 1.andsat data, where the single band at 2.2. pm only allows the analyst to infer the presence

of a clay or carbonate. IJy comparison, with ASTkUl data wc will be able to identify the presence

of carbonates, iron oxides, smcctitc minerals, etc.
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CONCI.lJSIONS

ASTER is a 14 band imaging instrument, scheduled for launch as part of the 150S AM

platform in 1998. It is the first satellite-borne nmltispcc.tral  scanner incorporating bands throughcwt

both the reflectance and emittance parts of the. electromagnetic speetrum.  It will have applications

in a wide range of earth observation studies, ranging from ecosystem studies to ,gIaciol  ogy. in this

paper, we have used simulated ASTER data to examine. the geologic mapping capability over an

arid, hydrothermally altered region. We find that information from the 3 wavelength regions is

conq>lenmntary,  allowing improved separation and limi tcd idcnt  ificat ion of mineralogical

assemblages, compared to existing satellite data, such as Landsat  Thematic Mapper or SPOT. ~’hc

VNIR clata  arc sensitive to the presence of iron oxide minerals; the SWIR data highlight the

prescncc and differences of minerals with hydroxyl radicals and carbonates, such as clays, alunitc,

and limestone; the TIR data arc sensitive to diffcrcnccs in silica-bearing rocks, either in the

prcscncc of or in the absence of the other mineral constituents. Using I,andsat  q’M data, it is on] y

possible to identify iron oxides, and detect the presence. of clay-type minerals; no information is

avail able related to silica variations. By combining infe.r[ cd mineralogical information from the 3

AS’I’ER wavelength regions, alteration assemblages can be idmtificd  and mapped. This capability

is far more efficient than from standard field-based mapping; with the addition of limited field

sampling and laboratory anal yscs, these data can be used to produce excellent geologic maps, at a

significant savings with respect to time.
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1.1ST OF FIGURIIS

Fig. 1. Artist’s rendition of ASTER instrument on the IJOS-A platform,

Fig. 2. Geologic map of the Cupritc,  Nevada  study site. Redrawn from an unpublished map by R.P.

Ashley and map contained in Ashley and Abram (1980). Descriptions of the geologic units have been

taken from Albcrs and Stewart (1972) and the unpublished map by Ashley.

Ijig. 3. Alteration map of the Cuprite,  Nevada study sitt, Redrawn from M unpublished map by RI’.

Ashley. Map contained in Ashley and Abrams  (1980). Numbers and letters refer to sample locations

used to obtain image spectra. 1,B=alunitc;  2, C=kao1ini(c.;  3=buddingtonitc;  4,1>= silicified;  A=basalt;

}Jig,  4, Linear] y (2%) stretched (top row) and dccorrclat  ion stretched (bottom row) color compositm

of simulated AS1’ER data, The left images  display bands 3, 2 and 1 in red, green and blue (RGB);

the center images display bands 4, 6 and 9 in RGB; and the right images display bands 13, 12 and

10 in RGB. The central wavelengths of these bands are. given in Table 1.

Hig. 5. Reflectance spectra of 4 localities at Cuprite  for the 2.0 to 2.4 ]m wavelength region. (Left)

Single pixel image spectra extracted from flat-field normalized AVIRIS data rcsamplcd  to the AS’I’ER

bands. 1.oeations  arc shown in Figure 3. (Right) 1,riboratol  y spectra measured on a Beckman lJV524(l

spccttomcter  in hemispherical reflectance mode, and rcsamp]cd to the. ASTJIR SWIR bands. ~’hc

2’1



locations of central values of the AST13R bands 4 through 9 arc indicated by the square data points.

~’hc spectra have been offset vertical] y for clarity. 1 =alunite;  2=kaolinitc;  3=buddingtonitc;  4=silicified.

Fig. 6. Field  and image emissivity spectra, resamp]cd to the ASTER TIR bandpasses, of 4 localities

at Cup~itc for the 8 to 11.5 pm wavelength region, (1 ,cft) Single  pixel image spectra extracted from

alpha residual processed ASTER simu] ator data. Locati cm arc shown in Figure  3. (Right) F.missivit y

spectra derived from JPL’s field emission spcctrometcr,  rcsampled  to ASTER wavelengths. The

central values of ASTER bands 10 through 14 arc indicated by the square data points. The spectra

have been offset vertically for clarity. A=basalt;  R=opalizcd/alunitc;  C=kao]initc;  D=silicified,

Fig. 7. Simplified alteration map of Cupritc  interpreted from simulated ASTER data, U==unaltcrc,d;

A=argillizcd; %opalizcd  with alunite;  K=dominantl  y kao]initc;  S 1, S2=silicified;  B=buddingtonitc.
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Table  1. Spectral 13andpasses,  in micrometers

ASTER
s“”-” J-’””-

——-  ,., =
Landsat TM_ _ _ SP03’~–—...—__u , — ———. .— , ,.. .,==—_c,  ~v_p_; —c------= .-=== --==—

Subsystcm

VNIR

SWJR

T] R

I

---L ----- 1----1

1 0.52-0.60 2

2 0.63-0.69 3

3 0.76 -0.86*: 4

4 1.60-1.70 5—— ___
5 2.145-2.185

.—
6 2.185-2.225

7 2.235-2.285 7

8 2.295-2.360

9 2.360-2.430
—- —— — -  — — — ___ _____

10 8.125-8.475

11 8.475-8.825

12 8.925-9.275 6

13 10.25-10.95

14 10.95-11.65

Spectral

: - - - - - - - 1 1 - - - - :

Band Spectral
Range Range

0.45-0.52—.—_ _ ___ --

‘- -:---- 1---]----J  ‘=02?0.52-060

0.63-0.69
----1---- . . ..1-----------

2 0,61-0.68

-....[.. J_______________0,76-0.90 ~ 0.79-0.89.—
1.55-1,75

2.08-2.35

-.————

10.4 -12.5

., -—.- --

+’All bands are included in the nadir  telcscopc.  This band is replicated in the forward looking
tclcscopc.
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Table Il. Overall Performance Requirements

Spatial Resolution
15111 Bands 1-3 (VNIR)
WIN Bands 4-9 (SWJR)

Stereo Ilasr.-to-IIeight  ratio
-. .

Swath Wicltb

Total edge-to-edge coverage.
capability in cross  track directio~~

Cross- track pointing
capability (array center)

!$ignal Quanti7atioll

Modulation Transfer limctio]l  (M1’11’)

Peak data rate

h4ission Life

Mass

Maximum ]’owe]

Physical size

901N Elands 10-

0 , 6  (Band 3)

4 ( ‘IR

60 km (All Hands)

f 136 km (All Hands)

~ 8.54° (All bands)

8 bits (Bands 1-9)
12 bits (Bands 10-14)

0.2?5 (All Bands)

89.2 Mbps (all bands
inducting stereo)

5 years

352 Kg

650 W

].6X l,6x0.9nl
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